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Applicants enclose a Substitute specification as now amended and a marked-up 
version showing the changes made to the specification. 

The above amendments are being presented to include subheadings, remove multiple 



dependencies from the claims, and to remove reference numerals from both the claims and 
abstract in order to place the application in better U.S. form. 

Should the Examiner have any questions regarding the present application, Applicants 
respectfully request that the Examiner contact Applicants' representative at the phone number 
listed below. While Applicants believe that no fees are due with the submission of this 
Preliminary Amendment, Any fee required by the filing of this response may be charged to 
our Deposit Account No. Deposit Account No. 503342 
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CenterPoint 

306 Industrial Park Road 
Suite 206 

Middletown, CT 06457-1532 
Tel: (860) 632-7200 
Fax: (860) 632-8269 
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Richard R. Michaud 
Registration No. 40,088 
Attorney for Applicant 
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AN APPARATUS FOR CLEANING OF GAS 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[00011 This application is entitled to the benefit of and incorporates bv reference 
essential subject matter disclosed in International Application No, 
PCT/SE2003/001334 filed on August 28. 2003 and Swedish Patent Application 
No. 0202622.7 filed on September 4. 2002. 

FIELD OF THE INVENTION 
[0002] The present invention relates to an apparatus for cleaning ef-a-gas from 
particles suspended therein, including a centrifugal rotor for rotation of the gas. 
The centrifugal rotor is rotatable about a rotational axis in two bearings arranged 
axially spaced from each other. 

BACKGROUND OF THE INVENTION 
[0003] So cal le d s Self-lubricating bearings are known in the art, oxist which Such 
bearings generally do not require the supply of additional lubricant during 
operation . However, a difficulty often occurs when these bearings are used in 
conjunction with a centrifuge rotor, but i n conn o ct i on with a centr i fugal rotor of 
th e k i nd h e ro in quest i on In those cases, it is often required that the bearings afe 
be charged continuously or intermittently with lubricant in the form of oil or some 
other liquid. Sometimes, where the rotor is used to clean gas, liquid suspended in 
the gas to bo cloanod i n tho contrifugal rotor i n qu e st i on may be used for the 
lubrication. In other cases, lubricant from a special source of lubricat i on lubricant 
source may have to be supplied. 

A prerequis i te for tho prosont i nvention is that oaid boaringo aro arranged to bo 
charged with l ubricant dur i ng operat i on of tho c e ntr i fuga l rotor and that a m i st 
conta i ning such l ubricant is accossib l o or i s gonoratod in a spaco noar the 
c e ntr i fuga l rotor. 

[0004] The general object of the present invention is to provide a centrifugal gas 
cleaning apparatus of the i n i t i a l ly def i ned kind, wh i ch has a construction that 
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facilitates adequate lubrication of both said bear i ngs by supply of ouch a lubricant 
m+s tthe bearings support the centrifuge rotor . 

SUMMARY OF THE INVENTION 
[0005] According to the invention, this object may be obtained by an apparatus, in 
which the centrifugal rotor surrounds a channel, which extends axially — 
preferably centrally — through the rotor and through which a lubricant mist is 
movable from tho aforom e nt i on e d a_space near the centrifugal rotor into contact 
with one of at least two the-bearings rotatablv coupled to the centrifugal rotor . 
Hereby it is made possible for both of the bearings to be easily accessible to 
lubricant mist from said space without a separate connection having to be 
created outside the centrifugal rotor between the space and the bearing situated 
farthest therefrom. 

[0006] As a l ready ment i oned, tho said The_space may contain or be arranged te 
bo flowed through bv so that gas to be cleaned in the centrifugal rotor and 
containing suspended drops of lubricant, e.g. oil of some kind flows through the 
space . As an example, this may be the case when the apparatus is arranged for 
cleaning of crankcase gas coming from a combustion engine. In this case, the 
centrifugal rotor may be arranged to be driven in any suitable way, e.g. by means 
of an electric motor or a gas turbine. Alternatively, said space may contain a 
lubricant mist, which is generated especially to provide lubrication of the bearings 
of the centrifugal rotor. In another case, a lubricant mist may be generated in 
connection with bringing the centrifugal rotor into rotation hydraulically. For 
instance, the centrifugal rotor may be brought into rotation by being charged with 
pressurized oil, which io brought to leaves the centrifugal rotor through a nozzle 
placed at a distance from the rotational axis of the centrifugal rotor and directed 
tangentially relative thereto. In the chamber, in which such driving oil leaves the 
centrifugal rotor, an oil mist is created in the surrounding gas or air. Alternatively, 
hydraulic driving of the centrifugal rotor may be performed such that a 
pressurized oil is sprayed against a turbine wheel arranged for rotation of the 
centrifugal rotor. The space surrounding the turbine wheel will then be filled with 
an oil mist. 
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[0007] In a preferred embodiment of the apparatus according to th eeresent 
invention, one axial end of the centrifugal rotor is situated within or near the 
space containing lubricating oil mist, the channel through the centrifugal rotor 
extending from said one axial end of the centrifugal rotor to the opposite etbef 
end thereof, where it opens into a lubricant chamber having an outlet arranged so 
that lubricant mist, which moves through the lubricant chamber, gets into contact 
with said one of the bearings. 

BRIEF DESCRIPTION OF THE DRAWING 
[0008] The invention is further described in the following with reference to the 
accompanying drawing, which shows an apparatus according to the invention for 
cleaning of crankcase gas, produced in a combustion engine, from oil and other 
particles dispersed in the crankcase gas. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0009] In the drawing there is shown a housing, which includes an upper part 1 , an 
intermediate part 2 and a lower part 3. The interior of the housing is divided by 
means of a partition 4 into an upper separation chamber 5 and a lower driving 
chamber 6. A centrifugal rotor 7 is rotatable in the separation chamber 5 around a 
vertical rotational axis and is therefore journalled in an upper bearing 8 and a 
lower bearing 9. The bearings 8 and 9, which are ball bearings in the shown 
examp le illustrated embodiment , are supported by the upper housing part I and 
the partition 4, respectively. 

[0010] The centrifugal rotor 7 has a central shaft 10, which is suspended in the 
two bearings 8 and 9 and has an axial through channel 11. The channel 1 1 
communicates at its lower end with the driving chamber 6 and at its upper end 
with a small chamber 12, which is delimited by a bowl-shaped cap 13 arranged 
upside-down. The cap 13 supports on its inside the upper bearing 8 and is itself 
supported by the upper housing part 1. 
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[0011] The centrifugal rotor further has an upper conical end wall 14 and a lower 
conical end wall 15. Between these end walls there is arranged a stack of conical 
separation discs 16, which between themselves delimit separation passages 17. 
Spacing members (not shown) keep the separation discs at an axial distance 
from each other. The upper end wall 14 as well as each of the separation discs 
16 has a central plane portion that is provided with several through holes 
distributed around the central shaft 10. The inter-spaces between the central 
portions of the separation discs form together with the through holes a central 
inlet chamber 18 in the centrifugal rotor. 

[0012] At its upper end the inlet chamber 18 communicates with an inlet 20, via 
through holes 19 in the cap 13, for gas to be cleaned in the centrifugal rotor. The 
gas inlet 20 is formed by the upper housing part 1 . The inlet chamber 18 also 
communicates with the chamber 12 in the cap 13 via the interspaces between the 
balls in the ball bearing 8. 



[0013] A radially inner edge portion 21 of the upper end wall 14 of the centrifugal 
rotor is placed very close to a sleeve-formed portion of the stationary cap 13. If 
desired, a sliding seal or a labyrinth seal may be arranged between the end wall 
14 and the cap 13. 

[0014] On its lower end portion, which is situated in the driving chamber 6, the 
central shaft 10 supports a turbine wheel 22. A tube 23 connected to a source of 
pressurized oil (not shown) extends from the outside and in through a 
surrounding wall of the lower housing part 3. Preferably, the tube 23 is connected 
to the initially mentioned combustion engine for receiving lubricating oil present 
therein at a high pressure. The tube 23 is directed towards the turbine wheel 22, 
so that incoming lubricating oil under pressure may bring the turbine wheel and, 
thereby, the centrifugal rotor 7 into rotation. The lower housing part 3 has a 
bottom outlet 24 for used lubricating oil, which is to be returned to the combustion 
engine. 
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[0015] Upon rotation of the turbine wheel an oil mist is formed in the driving 
chamber 6, which is used for lubrication of the two bearings 8 and 9 as will be 
described later. 

[0016] The separation chamber 5 has an outlet 25 for crankcase gas, freed from 
oil drops and other particles, and an outlet 26 for oil and particles, which have 
been separated from the crankcase gas. 

[0017] The cleaning apparatus shown in the drawing operates as follows. 

[0018] Lubricating oil from a combustion engine is introduced at an over pressure 
through the tube 23, so that the turbine wheel 22 and therewith the centrifugal 
rotor 7 are brought into rotation. Crankcase gas from the combustion engine 
enters through the inlet 20 in the upper housing part I and flows through the holes 
19 in the cap 13 into the central inlet chamber 18 in the centrifugal rotor 7. From 
the inlet chamber 18 the crankcase gas flows further through the separation 
passages 17 and exits to the part of the separation chamber 5, which is situated 
between the centrifugal rotor and the surrounding walls of the housing parts I and 
2. Hence cleaned crankcase gas flows out through the outlet 25. 

[0019] By the rotation of the centrifugal rotor also the crankcase gas in the 
separation passages 17 is brought in rotation, the particles, solid and liquid, 
suspended in the crankcase gas being separated by the resulting centrifugal 
force and depositing on the conical surfaces of the separation discs 16, facing 
upwardly. The particles slide and/or flow on these surfaces to the radially outer 
edges of the separation discs and are thrown out therefrom towards the 
surrounding walls of the housing parts I and 2. On these surrounding walls the 
particles slide and/or flow further downwardly towards and out through the outlet 
26 in the lower housing part 3. 

[0020] In the driving chamber 6 an oil mist is formed, when the lubricating oil from 
the pipe 23 hits and leaves the turbine wheel 22. Whereas the main part of the 
lubricating oil leaves the driving chamber through the bottom outlet 24, a part of 
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the oil mist flows up through the channel 1 1 in the shaft 10 to the chamber 12 
delimited by the cap 13. Therefrom, the oil mist flows through the bearing 8 
further into the central inlet chamber 18 of the centrifugal rotor, mixing itself 
therein with incoming crankcase gas. Together with the crankcase gas the oil 
mist flows through the separation passages 17, wherein the oil drops are 
separated from the gaseous part of the oil mist. 

[0021] As a consequence of the crankcase gas and the oil mist being entrained in 
the rotation of the centrifugal rotor upon the through flow of the separation 
passages 17, a certain underpressure is developed in the central inlet chamber 
18 of the centrifugal rotor. The result of this is that crankcase gas is sucked into 
the inlet chamber 18 from the inlet 20 and that oil mist is sucked from the driving 
chamber 6 through the channel 11 and the chamber 12 into the inlet chamber 18. 
Hereby, an effective lubrication of the upper bearing 8 is obtained. The lower 
bearing 9 is also effectively lubricated, as it is in direct contact with the oil mist in 
the driving chamber 6 all the time. 

[0022] As can be seen from the drawing, the channel 1 1 has a throttle at its 

uppermost part, i.e. the opening of the channel into the chamber 12 has a smaller 
diameter than the rest of the channel. This may be necessary, partly for limiting 
somewhat the flow of oil mist to the bearing 8, partly for avoiding that oil foam, 
possibly formed in the driving chamber 6 and accompanying the oil mist up 
through the channel II, reaches the chamber 12. Such foam will be separated to 
oil and gas in the channel 1 1 as a consequence of being entrained in the rotation 
of the shaft 10. By said throttle, forming a threshold at the opening of the channel 
1 1 into the chamber 12, oil having been separated in the channel 1 1 is forced to 
flow back to the driving chamber 6. 

[0023] Above is described a centrifugal rotor having a hollow shaft 10 which is 
suspended in bearings arranged on the outside of the shaft. The invention also 
i nc l udes a poss i b i l i ty that tho encompasses a centrifugal rotor that is suspended 
in bearings, which are supported on the outside of a stationary shaft extending 
centrally through the centrifugal rotor. In such a case, the stationary shaft may 
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have a through channel for oil mist that shall move from one to the other of the 
axial ends of the centrifugal rotor. Also in this case, thus, the centrifugal rotor 
surrounds the channel for oil mist. 
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